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This study was performed to define the imporance at mainte-
nance of oxidative metabolism as a descriptor and determinant of
the financial for functional recovery after measculerivannn in
patients with recent myocardial infarction, In II patients (mean
interval after saturation 6 days ; 5 patients given thrambol
ytir
therapy), positron emission tomography (PET) was performed to
characterize myocardial perfusion (with oxygen-I5-labeled wa-
ter), glucose utilization (with fluorine , 18-Ruorie oxyglurose) and
oxidative metabolism (with curbo s-l1-acetate!. Oysfonetionat but
viable myocardium was differentiated from nonviable myocar-
dium by assessments of regional function before and after coro-
nary revascularimlion
. The impart of coronary revasculerirsdon
on regional myocardial perfusion and metabolism was assessed in
nine patients in whom
tomography was repeated after revascular-
nanon
•
Hetore revasralarizetion, dysfunctional but viable myovar-
dium 119 segments) and -viable myocardium (10 segments)
exhibited relative perfusion equivalent to 74% trod 63% of that of
normal myocardium (33 segme.:Gt,
respectively (p c 0 .02)
.
Dysfunctional but viable myocardium exhibited oxidative real
Optimal selection of
patients with recent myocardial infa c-
lion who can benefit must from revascularizatioee requires
accurate differentiation of dysfunctional but viable myocar-
dium (retaining the capacity for functional recovery) from
nonviable myocardium slacking the capacity for functional
recovery!. Thallium,101 myocardial scintigraphy underes-
timates the amount of viable tissue (1), even though reinjec
.
tion of
thallium-201 at the time of delayed imaging can
improve its detection (2) . Depressed regional contractile
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olism equivalent to 74% of tbal of normal myocardium (p < 0,02) .
In eonlras4 in nonviable myocardium, oxidative metabolism was
only 45`7 of that seen
in ..anal (p < 0.02) and 60% of that in
reversibly dysfuneelonnl myocardium Ip ~ 0 .0031 . segtoesat pin-
e utilization (nnrmalirod to regional perfnseonl in dysitur etionel
but viable myocardium was higher than that in normal myocar-
dium (p a 0.021. Nonviable myocardium exhibited lower levels of
glucose utilization than did oorneat tissae (p < 0,02)- However, in
both reversibly and persistently dvsfleneoarvt myocardium 0611-
r<ntion of glucose normalized to relative perfusion was markedly
variable.
The results indicate that preservation of oxidative metabolism
is a necessary coalition for recovery of function consequent to
coronary recaoalizadeo after myocardial infarction• Tleerefnre,
approaches that measure myocardial oxygen causumptinn, sash
As
dynamic PET iw-5ging withearbnn-ll-eertate, ibosld facilitate
the identification of dysfunctional hat still viable
myocardium
in
patients with recent myocardial infarction who are most likely to
benefit from rornnarr eevasculaeization .
IJ Am Coil Cardrot 1992 ;{':989-97)
performance secondary to ischemia generally
reflects under-
lying derangements of myocardial metabolism- Conse-
quently, eharacieriration of altered myocardial metabolism
with positron emission msiography (PET) is a promising
means of detecting dysfunctional bat still viable myocar-
dium . Because metabolism of glucose
;anaerobic and aero-
bic ; predominates in i schemic. as opposed to normal, mYo-
careful PET wah fluorine-18 (' 5F)-fluorodcoxyglucose has
been proposed as a means to differentiate viable from
nonviable myocardium in patients with coronary artery
disease (1-6)
.
In patients with tell ventricular dysfunction
due to chronic coronary artery disease, persistence of myo-
cardial utilization of glucose predicted a favorable outcome
after revascularizatian whether or not hypoperfusion was
present initially (3,4).
However, in patients with evolving
myocardial iestarcrioo estimates of regional utilization of
glucose made by PET have not been as reliable (5,6) .
perhaps'-,,ease
,'the
variance in myocardial utilization of
glucose utibzation at different times during the interval after
restoration of perfusion or because of persistent uptake of
"F-fluorndeoxyglucose in zones of infarction (7 °) .
0131 . M7192151.00
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Table 1 . Clinical Characteristics of I I Patients
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Myocardial oxidative metabolism persists in heart muscle
despite isclreruia if' the tissue remains viable . Results of
studies in isolated heart preparations, in which myocardial
oxygen Consumption can be measured directly, and in the
hear[ of laimratoly ouimdls in which myocardial oxygen
consumption can be measured indirectly by PET with car-
bon-] l ("Cl-acetate, have demonstrated that maintenance
of oxidative metabolism in ischemic myocardium and its
enhancement after recanalization are likely to he the critical
determinants of ullicute recovery of contractile perfor-
mance (7,9) .
The present study was performed to define the
importance of maintaining oxidative metabolism as a de-
scriptor and determinant of the potential for functional
recovery after revascularization in patients with recent
myocardial infarction
. Positron emission tomography was
performed to characterize myocardial perfusion (with oxy-
gen-IS ["01-labeled water), glucose utilization (with
'5F_
fluorodeoxyglucose) and oxidative metabolism (with "C-
acetate) in dysfunctional tissue and to differentiate viable
from nonviable myocardium verified by serial assessment of
regional ventricular performance before and after coronary
revascularization .
Methods
Study patients (Table !). Eleven patients were studied :
eight men and three woolen with a mean age of 60 years
(range 44 to 72) who had sustained an acute myocardial
infarction within 4 to 9 days (mean 6)
. Clinical and angio-
graphic characteristics are shown in Table t
. Five patients
were treated with a thrombotytic agent, six were not
. The
diagnosis was established by symptoms typical of ischemicm
the evolution of classic electrocardiographic changes and
serial changes in the activity
of plasma MB creatine kinase.
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Cardiac catheterization and selective eoronars' angiography
followed by coronary revascularization were performed in
all patients, Indications for coronary angiography and care .
nary revascularization were based on clinical variables . not
on the results of the initial PET utudv .
At the lime of
angiogrtphy all patients had either a
patent infarct-related
artery with a residual stennsis in -- 9) or an
occluded
infarct-related artery with angiographically documented Lul-
larcral flow to the ischemic zone (n = 21 . The adequacy of
revascularization was based on the review of the operative
reports or the angiographic reports documenting the suc-
cessful placement of a bypass graft to or balloon dilation of
the infarct-related artery
. The protocol was approved by the
Human Studies Committee and the Radioactive Drug Re-
search Committee of Washington University School of Med-
icine; written informed consent was obtained from each
subject .
Assessment of ventricular function . Assessment of re-
gional systolic function was performed by two-dimensional
echocardiography before and after revasculatization in nine
patients and by contrast ventriculography before and
II
dimensional echocardiography after revascularization in two
patients . For the purposes of analysis, the left ventricle was
divided into seven myocardial segments idunlical to those
used for tomogmphic analysis (Fig . 1) . Regional systolic
function for both cchocardiographic and contrast left ven-
triculegraphic studies were graded with a scoring system
recommended by the American Society
of Echocardiog-
raphy (1 = normal, 2 = hypokinetic, 3
-
akinetie, 4 =
dyskinctic and 5 = aneurysmal)
(10). Echocardiograms and
contrast left vcniriculosrams were analyzed by two obsvI
ers who calculated an average wall motion score for each
segment in each study without knowledge of the PFT or
clinical data . For the purposes of this analysis, only normal
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Figure 1
.
Diagrammatic segmenlatioa of V vaniricular mycxun
dium for analysis, Analogous segment assignments were made 'cr
two-dimensional
echocardiograms, corm,
left venincalegram,
and tome€rams . I = anterobasilar segment . _' = seotal regmznt .
1
=
anterior segment. 4 = lateral segment. 5 = paste-Plate'al segment .
6 = apical segment and 7 = fit anon segment
s
segments and those dysfunctional segments snbserver by
the infaret•r elated artery were considered .
As judged front rfee amufcsis eef trait motion . ^nucurdmw
,ngs defined ua I) normal (normal cndocardial motion and
wall thickening before revascularizatinnl
?)
dysfunctional
but viable (initially dysfunctional but with subsequent im-
provement in wall motion score dial least one
cull grade( : or
9 nonviable (initially dysfunctional without improvement
efter revasCularizationl . In patients who underwent corn
nary bypass surgery, the interventricular septum was ex-
cluded from analysis because of netentiel artifact associated
with inadequate indexing in this region . Temogrnphic esti-
mates of perfusion and metabolism before and after myocar-
dial revascuiarization were correlated with the status of
myocardium categorized according to systolic function
.
Tomographic assessment of perfusion and metabolism
(lain acqulsitiont- Tomographic assessments of perfusion
and metabolism were performed in the postmyocardial in-
farction period before coronary revascuiarization in all 11
patients. Coronary rvascularizahon in these patients was
performed a mean of 10 days (range 0 to 64) after the PET
studies. To define the impact of myocardial revascularita-
tion on regional perfusion, glucose utilization and oxidative
metabolism, tomography was repeated in rude patients a
mean of 3 .3 months (range 1 .5 to 10) after revascuiarization .
PET studies were performed with either Super
PFTT I or
Super PETE ttB (the performance specifications of both
systems have been reported previously 111,121) with sub eels
in the postprandial state after oral consumption of a high
carbohydrate meal 2 to 3 h before and 73 g of glucose
(Trutol) I to 2 h before administration of "IF-I'll
deoxygtucose. An initial transmission scan was obtained
with a "Gel source surrounding the patient to provide
correction factors for attenuation of emitted photons. "l
water (0 .25 to 0.3 mCilkg body weight) was administered as
a bolus intravenous injection and list mode data were ac-
quired for 150 s beginning at the time of administration ofthe
tracer . Subsequently "p•c arbon monoxide (40 mCil was
administered by inhalation to label the blood pool and
list-mode data were collected for 300 s
. Soon tltntealtet
"C-acetate (11 .25 to 0
.3 wCilkg) was administered intrave-
nously with acquisition of list mode deli for two s begin-
ning at the time of administration of tracer.
(ROPt Ed oT AL
U\111 :naxa str.14M)LmtottN f1YVn loTiSi . tots( teio
701
Intimates of regional mvocardiit utilization of glucose
re nMained with an 11100-c list mode 101100tio0 Initiated
alter intravenous administrator of 9 1. 10 mCi
I '- r-Huurodeoxyglucose
. Venous blood samples were oh-
.. nod for the determination of the plasma concentrations of
!all and fatty acids 25 to 111 min after the injection of
"F-fluarodeosyglucose . Plasma glucose concentration was
assayed with the use of a cemntcrcially available enzymatic
kit (Sehring Diagnostics), The measurement of plasma free
fatty acids Ova, performed as described previously (13) . To
Sure that each plnient was in the same position for all dam
coneehonc, position was checked with the use of a low
energy laser and indelible marks , :laced on the torso . The
entimdled nuliatinn exposure (expressed as the effective
dose equtvolent) for the two complete PET studies (hetore
and after rvascuiarization) was 3 .6 rents.
Temographic assessment or perfusion aad metabolism tim-
age analysis( Myocardial blood flow was assessed in eight
patients by PET with "0-wafer . Composite images were
reconstructed with data collected over 120 s beginning with
the time of arrival of the bolus of "0-water in the left atrium
.
Images of relative perfusion were constructed by correcting
the 120-s composite '''water recunstructimi lbs activity
nntmc from the intravascular compartment with the is,
of the 300-s composite ' s )-tartan monoxide image . as
previously described (14). In three patients rel i .ivc regional
myocardial n ;soma^ v s assessed on !'.z boors of tarly
myocardial uptake of "C-acetate because of the unavailabil-
ity of "0 activity . Results of previous studies by our group
(15) and others (16) have demonstrated that the regional
distribution of "C-acetate activity within the myocardium
frombote I So s after the administration oftracer provides an
accurate representation of regional myocardial perfusion ir,
relative terms . The same images were used for sector
analysis of the dynamic "C-acetate data as described below .
The "C-acetate data were reconstructed in sequential 90-s
time intervals throughout the entire 30-min data collection .
Myocardial time-activity curves were analyzed with a mul-
liexponential least-squares curve-fitting algorithm as de-
scribed previously (17) . Although the algorithm is designed
to fit each data set to a multiexponenlial function, all curves
conformed best to a monocxponential fit
. Previous studies
(17-19) have demonstrated that the myocardial lurnil rate
(k l I delineating the clearance
Of "C activity from myo-
cardium correlates closely with regional myocardial oxygen
consumption
. Images of regional mvocardial tuF-nuoro-
deoxyglucose activity were reconstructed from entire 30-min
data sets .
Analyser of oinogmp)tic imdges were
performed with an
operatdr-interactive image-analysis marine developed and
validated in our laboratory . In brief, the operator defined the
middle of the entire myocardium, which formed a line along
which Overlapping I con' regions of interest were placed en
each tomographic image- The myocardium was divided into
10 36° sectors . Within each sector. "O-water activity (cor-
rected Air vascular activity), early myocardial uptake of
9 92 CROPI FR FT AI
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Figure 2 . Average wall motion scores for segments containing
viable and nonviable myocardium before and are, coronary revas-
cularization . Before revascularization, viable and nonviable seg-
ments exhibited similar severity of mechanical dysfunction .
'C-acetate and "F-fluorodeoxyglucose activity were deter-
mined . In addition, k, was determined for each sector . The
left vemriaular myocardial image was then divided into
seven segments (Fig . I).
'50-waler activity, early net myocardial uptake of "C-
acetate, kl and
'"FJtuoradeoxyglucose activity were deter-
mined for each segment on the basis of average sector values
in each segment . Segmental 150-water activity, early net
uptake of
1
'C-acetate activity and 18 F-fluorodeoxyglucose
activity were normalized on the basis of values in those
segments with highest values for "O-water,
1 'C-acetate and
"F-fluorodeoxyglucose, respectively. In addition, with an
approach analogous to that devised by others (20), myocar-
dial glucose uliliza4on was normalized to blood flow within
a segment by dividing normalized "F-fluorodeoxyglucose
activity by normalized 13
O-water (or "C-acetate) activity for
the same segment. Values for perfusion, oxidative metabo-
lism and utilization of glucose were characterized in normal,
in dysfunctional but viable and in nonviable myocardium
before and after coronary revascularization .
Statistical analysis. Results for continuous variables are
presented as mean values '- SD
. Independent and paired
Table 2. Mvocaldial Perfusion and hlelnholism Before and After Revascularizatioe in I1 Patients
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sample values were subjected to analysis of variance and by
t tests corrected for the number of comparisons with the
Bonferroni method. p values < 0.05 were considered signif-
icant.
Results
Segmental function. In the hearts of ice I I patients stud-
ied, 62 segments were classified : 33 as normal, 19 as dys-
functional but still viable and 10 as nonviable segments .
Average wall motion scores before and after myocardial
revascularization in the three categories of myocardium are
shown in Figure 2. Before revascularization both categories
of dysfunctional myocardium exhibited similar impairment
of contractile performance . Dysfunctional but still viable
myocardium manifested an average wall motion score of
2 .55 t 0.51 . Nonviable myocardium exhibited an average
wall motion score of 2 .74 t 0 .63 (p = NS). After revascu-
larization dysfunctional but viable myocardium (in accor-
dance with the definition used in our study) exhibited im-
provement of wall motion score by an average of 1 .2
compared with prerevascularization values (postrevascular-
ization wall motion scores averaged 1 .21 ± 0.51) . After
revascularization, regional wall motion in nonviable myocar-
dium did not c hange. a s evidenced by an average wall
motion score after revascularization of 2 .55 t 0.6.
Estimates of perfusion and metabolism before revascular-
ization. The tomographic measurements of myocardial per-
fusion and metabolism before and after myocardial revascu-
larization are summarized in Table 2. Examples are shown in
Figures 3 and 4. Before revascularization,. dysfunctional but
viable myocardium exhibited perfusion equivalent to 74%p of
that of normal myocardium (p < 0.02) . In nonviable myo-
cardium, perfusion averaged 63%p of that in normal myocar-
dium (p < 0 .02). The difference in perfusion of the two
categories of dysfunctional myocardium did not achieve
statistical significance, probably because of the wide vari-
ability in these measurements .
Oxidative metabolism in dysfunctional but viable myo-
cardium was equivalent to 74% of that of normal myocar-
dium (p < 0 .02). In contrast, in nonviable myocardium
oxidative metabolism was only 45% of that in normal (p <
-p < 0 02
compared with normal myocnniium Iprerevascularizaliom : Iii < 0 .003 compared with viable myocardmm : ;p < 0.05 compared oils normal
myocardium ;postrevascularizatiunb
§P <
0
.05 compared with prcrevuseularization values . FDG - °F-nuorad,oxyetueose : k, = myacard,ul tumover ale
constant describing the clearance of "C activity from myocardium
: RMBF - relative myocardial blond trw . Va§leis are mean values ± SD .
Segment
RMBF
(t at peak) k, (min 1 )
FDG activity
(%at meat FDG/RMBF
Prerevesculacaabon in - 11)
Normal at = 331 90 .6 *_ 9 .69 0.065 c 0.02 00 .4x18.4 0.98x0 .15
Viable (n
-
19) 70 .2 a 21' 0.045 m 0.018' 84A '_ 20.2 132 ± 0 .67-
Nonviable In - 10) 57 .8
	
196M 0 .029 ; On07-i 57,2 ± I8
.9a+ I .O8 ! 0 .58
Posua.aszalarizauco m - 91 N3evrl(a = 25) 90 a 5 .86 0,055 ± 0
.0089 86 .4 0 .95'-0.19
viable (n - It) 85 .5 *- t1 .7§ 0
.055
*_ 0.011 11
.2
0 .94x0.19§
Nonviable In = 8) 78 .2 x 20.lft 0 .045 x 0.012ti 71 .5
2:
15.9
0 .95
t
0.24
IACC Vre 14 . 5n- 5
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Figure 3. Midventricular tomographic
m,,trucuans of myocardial perfu-
sian and metabolism in the heart of a
patient with An anterior myocardial ir..-
farolion with nonviable myocardium .
The images of relative perfusion are at
the left and (hose depicting relative
glucose utilization are in the middle . To
the right
are
parametric displays of
retainer values for k„ eRecling re-
gional differences in myocardialoxida-
tive metabolism, White represents
peak activity (or the fastest myocardial
clearance of "C activity) and dark blue
represents Iuwest activity, for the slow-
est myocardial clearance of ftC
nativi-
ty)
.Orientation in the images is septum
to the left and anterior strucrures on
tap. Before revascularization (PRE),
myocardial perfusion and utilization of
glucose were concordanlly reduced
within the anterior wall compared with
values in the functionally normal pos-
terolateral wall . Moreover, myocardial
oxidative metabolism within the ante-
rior wall was severely depressed to
apptuaittrately 30% to 40% of that in
the normal posterelateral wall . After
revascularizalien (POST), regional
myocardial perfusion. glucose and ox-
idative metabolism within the anterior
wall remain diminished compared with
values in normal myocardium
.
Figure L Midventricular lomo-
graphic reconstruetiong of myo.
cardial perfusion and membofism
in the heart of a patient with an
anterior myocardial infarction
that contained viable myoeaedium
before and after cmonarv ii
cularization . Before revascular-
ization (PRE), attilisatioa of era
cose in the anterior wall was
increased relative to that in the
normal pnstenelateral wall . In the
presence of anterior wall hypo-
perfusion this finding indicates
augmented glucose utilization rel-
ative to flow . Although myocar.
dial oxygen consumption in the
anterior wall is decreased relative
to had in the normal pusterulat-
oral wall, the magnitude of the
reduction is less than that in
Figure 3. After revascularization
(POST), regional myocardial per,
fusion, utilization of glucose and
oxidative metabolism in the ant,
rior wall were comparable to val-
ues in normal myocardium .
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Table 3. Fertusion and Melabotisnt in Five Fattens Before
Revasculahzation in Uysfunetional Segments With Increased
"F- Myocardial
Blood I` low
tFDGIRMttFt LcIotP
'Refined as 11 .28 (normal mean + 2 SC: sea Table 2) . Abtaeviatiunc es
is Table
2 .
0,02) and 60% of that in reversibly dysfunctional myocar-
dium (p < 0 .003)
.
Regional lsl'9fnorodeoxyglucose activity
in dysfunc-
tional but viable myocardium was comparable to that in
normal myocardium . Because of the high likelihood of
decreased count recovery secondary to partial volume ef-
fects in thinned, ischemic mvocardium . this equivalence
suggests that glucose utilization was increased in reversibly
dysfunctional myocardium compared with that in normal
heart muscle . Indeed, in reversibly dysfunctional myocar-
dium regional glucose utilization normalized to regional
perfusion (a transformation that partially corrects
for partial
volume averaging) was 34% higher than that in normal
myocardium (p < 0.02) . In nonviable myocardium, myocar-
dial utilization of glucose was only 71% of that in normal
(p < 0
.012) and 68% of that in reversibly dysfunctional
myocardium (p < 0.003)- The lack of increased myocardial
utilization of glucose on average in nonviable myaCardiuut
was reflected by the values for regional myocardial
1eF-
fluorodeoxyglucose activity normalized to flow (1 .08 t 0
.58;
p = NS compared with normal)
.
In both reversibly and persistently dysfunctional myocar-
dium . utilization of glucose narme(tted to rrlaiire perfusion
idles .ran-ked(,e variable . No significant differences between
the two were evident
. In 3 of 19 dysfunctional but viable
segments, myocardial utilization of glucose was <45% of
that in normal myocardium . In each case the ratio of
myocardial utilization of glucose normalized to perfusion
was <I
. In contras(, myocardial oxidative metabolism was
similar (k 1
= 0 .045 = 0.016 min - ') to that in the other
dysfunctional but viable segments, asjudged from results of
studies with 11 C-acetate .
Results in nonviable segments differed.
In 3 of 10 such
segsnenls, relative myocardial utilization of glucose normal-
ized to perfusion was increased (Table 3), a pattern thought
IACC Vol, 19 . No . 5
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normally to be indicative of viable mvneardium (3-6) . Nev .
ertheless, in each
so'
It segniunt myocardial oxidative metab-
olism was lower Than in any of the viable segments that
demonstrated increased utilization of glucose relative to
flow .
Role of thrombolytic therapy
. The five patients receiving
thrombolyeie therapy were analyzed separately from the six
patients who were treated conservatively, to determine if the
institution of €hrombelytic therapy altered the patterns of
perfusion and metabolism in dysfunctional but viable and
nonviable myocardium . The level of perfusion or oxidative
metabolism was comparable in segments containing dys-
functional but viable myocardium analyzed from patients
who did and did not receive thrombolytic therapy . However,
utilization of glucose was lower
In < 0,004) in segments
containing dysfunctional but viable myocardium obtained
from patients receiving thrombolytic therapy (74 ± 27% of
normal segments) than in similar segments from patients
treated conservatively (103 ± 8 .8% of normal). Come-
quently, in patients receiving thrombolytie therapy, seg-
ments containing dysfunctional but viable myocardium ex-
hibited a lower level of utilization of glucose normalized to
flow (0 .81 ± 0.211 compared with dysfunctional but viable
segments from patients treated conservatively (1 .61 ± 11.71,
p < 0.02) . In dysfunctional segments containing nonviable
myocardium, levels of regional perfusion, oxidative metab-
olism, utilization of glucose and utilization of glucose nor-
malized to flow were equivalent in patients receiving throm-
bolylic therapy and in those treated conservatively .
Estimates of perfusion and metabolism after revascularies .
don
. After coronary revascularizalion, both perfusion and
metabolism improved in dysfunctional but viable myocar-
dium (Table 2, Fig . 3 and 4) . Regional perfusion, overall
oxidative metabolism and utilization of glucose normalized
to perfusion increased (85-5 = 11 .7%, 0.055 -_ 0.011 min',
0 .94 x 0 .19 . respectively) to levels comparable with those in
normal myocardium (p < 0.05 compared with prerevascu-
Iarization values for relative perfusion and utilization of
glucose normalized to flow) . In nonviable myocardium,
restoration of nutritive perfusion resulted in improved per.
fusion (35% increase . p < 0.05) . overall oxidative metabo-
lism (55% increase . p < 0.050 and utilization of glucose (25%
increase) despite the lack of increase in regional systolic
function . Despite these increases, nonviable myocardium
continued to exhibit impaired perfusion and metabolism
compared with that in normal or reversibly dysfunctional
myocardium (p < 0 .05 for both perfusion and oxidative
metabolism),
The changes in utilizerion
of glucose in both types of
dvsfnnctiona( myocardium
cannot be attributed to changes
in the substrate environment because plasma levels of free
fatty acids (the *or determinant of utilization of glucose
under normal conditions) were comparable between the first
(309 ± 228 pamob'liter; n = nine patients) and second (262 t
153 nlmol4itert n = five patients; p NS) studies, Plasma
concentrations of glucose were also similar between the fast
RMBS
MG
.1mla
(7 of k, laor fu(1 1
&S- ., p_nk) prakl RMAF
Subjecl5
V¢bl :
Scplam 11.1152 97.4 LX7
Anterior 51 0.053 95.9 1.9
Apmat 91 .5 0.052 107
4.11
Subj.. 6 Lateral 66.7 0.061 99.7 1A9
Pa1cm1akm1 51 .7 0.05 99.7 1 .09
Inferior 41 .9 0.059 t00 2.39
Subcot 2
Nonviab;e
Poslerolarenl
74 0.03 100 1,35
Saber 7 Anterior 39.5 0.139 54 1 .37
Sabje-t 10 Inferior t8 0.031 46.2 2.57
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18 .2 ± 2
.8 mmoUliter) and second 13 .3 ± 3
.1 mmol/liter ; p =
NS) studies . Moreover, the changes in perfusion and metab-
olism in both categories of dysfunctional myocardium could
not be attributed simply to changes in loading conditions .
Heart rate, systolic blood pressure and ratc-pressure prod-
act at the lime of performance of the tomographic studies
before revascularization (75 ± 18 brets'min, 125
11 mm Hg and 9,485 *- 2,750 beatslmim mm H g) acre similar
to values after revascularization (74 * . 10 bcatslnun . 126
.
22 mm Hg and 9,541 ± 1
.957 beats/min-mm Hg, respec .
lively, p = NS) . After revascularization . oxidative metabo-
lism in normal myocardium distant from the site of infarction
decreased by 15% compared with values before revascular-
ization . This reduction was not associated with a decrease in
loading conditions, It appeared to reflect compensatory
augmentation in systolic function that occurs often soon
after the onset of myocardial infarction in tissue distant from
the infarct zone .
Discussion
Descriptors and determinants or restoration of systolic
myocardial funclion
. Results of this study indicate that the
presence of maintained oxidative metabolism is a descriptor
and probably a critical determinant of the potculial for
recovery of regional mechanical function among patients
with recent myocardial infarction who undergo either corn-
nary artery bypass surgery or percutaneous transluminal
coronary angioplasty . In addition, they suggest that restora-
tion of nutritive perfusion to dysfunctional myocardium
early after infarction has salutary effects on myocardial
metabolism that underlies improved function .
By demonstrating the persistence or absence of myocar-
dial utilization of glucose, PET with "'IF-fluorodeoxyglucose
has been proposed as a means of differentiating viable from
nonviable myocardium in patients with coronary artery
disease (3-6). Results of studies (3,4) in patients with left
ventricular dysfunction attributable to chronic coronary
artery disease showed that persistence of myocardial utili-
zation of glucose identified segments of dysfunctional myo-
cardium that retained the capacity for recovery of systolic
function after revascularization . Conversely, the absence of
myocardial utilization of glucose in segments of dysfunc-
tional myocardium before revascularization was indicative
of tissue that lacked the potential for recovery of function
(3,4) . However, in patients with recent myocardial infarction
such metabolic descriptors were less reliable (5,6). Piemrd et
al . (6) showed in patients with recent infarction and success-
ful coronary thrombolysis (defined as induction of patency of
an infarct-related artery documented at the time of singiog-
raphy) that persistence of myocardial utilization of glucose
was predictive of functional recovery after further, consoli-
dating revascularization procedures (coronary artery bypass
surgery or angioplasty) only when the metabolic pattern was
associated with maintenance of yerfusion . The lack of spec-
ificity of glucose utilization under these circumstances may
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be partially explained by the results of a study by Bianco et
a] . (8) . who showed in hearts of rabbits subjected to ischemia
and rcperfusion that significant accumulation of 14
C-
deoxyglucose was evident in necrotic myocardium .
Perfusion and metabolism in relation to functional out-
come. Our observations extend those from studies of labo-
ratory animals demonstrating the power of oxidative metab .
olism as a determinant of the capacity for functional
recovery in myocardium rendered acutely ischemic (7 .9) .
Taegtmcycr ct
al . (9) showed in isolated rabbit hearts ren-
dered ischemic that recovery of function was linked to a
return of oxidative metabolism . Buxton cl al . (7) extended
these observations to intact dogs by demonstrating that
oxidative metabolism in dog hearts {measured with PET and
"C acetate) increased during the 1st week after the onset of
rcperfusion in dysfunctional but viable myocardium . Al-
though oxidative metabolism in such segments was initially
depressed (compared with that in normal myocardium . it
was less depressed than oxidative metabolism in nonviable
tissue. The same investigators (7) showed that utilization of
glucose (assessed with PET and feF-fluorodeoxyglucose) in
dysfunctional but viable myocardium varied with the inter-
val of observation after the restoration of perfusior
.. Our
observations (Table 2) indicate a similar phenomenon in
patients with recent infarction . The pattern of increased
myocardial utilization of glucose (normalized to perfusion)
associated with reduced oxidative metabolism in 3 of 10
nonviable segments (Table 3) in our study is consistent with
anaerobic glycolysi5 and the view that anaerobic glycolysis
alone is insuffic ient to maintain viability in the face of a
prolonged ischemic insult . In contrast, 3 of 19 dysfunctional
but viable segments exhibited marked reductions in regional
ra5Lfluorodeoxyglucose activity (and thus regional myocar-
dial utilization of glucose) but no increase of utilization of
glucose normalized to perfusion . Oxidative metabolism in
these segments was comparable to that in other reversibly
dysfunctional segments. Our data suggest further that this
pattern may be more common in patients receiving throm-
bolytic therapy. Moreover, they indicate that alternative
substrates (such as free fatty acid) were being utilized to
support sustained oxidative metabolism . These findings
agree with those of Myears et al . (21), who demonstrated in
dogs that fatty acid is the primary substrate for oxidative
metabolism in the presence of reperfusion
. These observa-
tions of variable myocardial utilization of glucose in relation
to functional outcome may explain the decreased reliability
of estimates or overall utilization of glucose with PET and
"IF-fluorodeoxyglucose in differentiating reversibly from
persistently dysfunctional myocardium in patients with myo-
cardial infarction (5,6) .
Perfusion and metabolism in dysfunctional myocardium
after revascularization . Restoration of nutritive perfusion to
dysfunctional but viable myocardium probably exerted sal-
utary effects on both metabolism and mechanical perfor-
mance . Tamaki et al
. (4) demonstrated that improvement in
mechanical performance after revascularization was recital
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parried by the resolution of augmented myocardial metabo-
lism of glucose in relation to flow in patients with left
ventricular dysfunction attributable IQ chronic coronary
artery disease . However, in the setting of acute prolonged
isehemia, successfully reperfused myocardium can exhibit
prolonged abnormalities in metabolism and function that
normalize gradually over time (without subsequent revascu-
larization), although the time course of improvement is
markedly variable (22) . Schwaiger et al . (5) observed in
patients with recent myocardial ipfarction (average 3 days
from the index even[) who were treated medically that the
presence of augmented utilization of glucose relative to flow
assessed by PET and "'F-Iluorodeusyglucuse) was associ-
ated with long-term functional improvement only 50% of the
time . Walsh et al . 123) measured regional myocardial oxida-
tive metabolism (by PET and 'C-acetate) in six patients
with recent Q wave myocardial infarction who were treated
conservatively
. They found that at 48 It after the index event
regional myocardial oxidative metabolism in the center of
the infarct zone averaged only 6% of that in normal remote
myocardium. Moreover, they observed that regional myo-
cardial oxidative metabolism in the infarct zone had not
changed significantly by at least 7 days after the index event .
Our data demonstrating functional improvement after revas-
cularization in six of nine initially dysfunctional segments
exhibiting augmented utilization of glucose relative to flow,
and normalization of oxidative metabolism in dysfunctional
but viable myocardium as a group, suggest that coronary
revascularivation, at least in part, had salutary effects on
myocardial function and metabolism .
In our study nonviable myocardium exhibited improved
perfusion and metabolism after revaseulari .ation as well,
although both perfusion and metabolism were impaired
compared with values in both normal myocardium and
dysfunctional but viable myocardium (Table 2) . The im-
provement may reflect "stenting'• of metabolically and
functiena!!y oor,nal subepieardium by metabolically and
functionally impaired subendocardium (24) . the presence of
pockets of metabolically active tissue interspersed with
ttecmtic tissue, rr both
. Either situation is beyond the
resolution of prsent tomographic instrumentation .
Melhodologic considerations
. Regional myocardial perfu-
sion and utilization of glucose were mcasurcG is relative
terms with respect to the regional distribution of "0 for "C)
and t5 F activities . Our group (25) and others (26) have
validated the accuracy of PET with 15
0-water for the quan-
tification of regional myocardial blood flow in absolute
terms . However, in myocardium subjected to intense isch-
emia . such estimates are impaired by limited counting sta-
tistics, partial volume averaging and spillover effects, To
acquire realistic estimates in such segments, we measured
myocardial perfusion in relative terms with approaches that
have been previously validated (14-16) . The greater perfu-
sion in reversibly dysfunctional myocardium compared with
that in persistently dysfunctional myocardium is consistent
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with results of laboratory (22) and clinical f27) studies with
diverse flow tracers and diverse detection schemes .
Recent results (2a-30) have demonstrated that accurate
quantitative estimates of overall myocardial utilization of
glucose can be accomplished with PET and ' 8F-fluoro-
deoxyglucese when Patlak graphic analysis is employed .
However, the accuracy of this approach for quantifying
myocardial utilization of glucose has net been determined
under conditi,.ns
of severe isehemia and reperfusion in
which the extent of dephospherylation of 1 tp-fluoro-
deoxyglucose-6-phosphate may vary . Significant dephos-
phorylalion of "F-fuorodeoxygltlcosefi-phosphate would
result in the underestimation of overall myocardial utiliza-
tion of glucose with the Patak approach (28-30) . Ncvcrthc-
less, the regional distribution of myocardial ' nF-fluoro-
deoxyglucosc activity 45 to 60 min after administration of
tracer provides an accurate reflection of regional overall
myocardial utilization of glucose (31) .
Significant differences in myocardial utilization ofglucose
normalized to perfusion in reversibly compared with irre-
versibly dysfunctional myocardium might have been demon-
strable with a larger sample size . Nevertheless, significant
differences in oxidative metabolism were evident despite the
small sample size . Further studies are needed to determine
the predictive accuracy (as well as the cost-effectiveness in
relation to other more established and less expensive imag-
ing methods) of PET-derived estimates of myocardial oxida-
tive metabolism and glucose utilization in differentiating
dysfunctioral but viable from nonviable myocardium .
Clinical Implications. Our results indicate that in patients
with rere!C myocardial infarction preservation of oxidative
metabolism is a necessary condition for recovery of func-
tion . The presence
of augmented myocardial utilization of
glucose relative to perfusion identifies dysfunctional myo-
cardium that retains a capacity for recovery of contractile
performance only when the metabolic pattern reflects pri-
tna fly oxidative utilization of glucose
. The results indicate
that approaches that directly assess myocardial oxygen
consumption, such as dynamic PET imaging with 11 C-
acetate, facilitate the accurate identification of dysfunctional
but still viable myocardium in patients with recent myocar-
dial infal'clion .
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